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A METHOD FOR SENSITIZATION OF CANCER CELLS FOR KILLER CELL 
MEDIATED LYSIS 



The invention relates to the treatment of cancer by sensitization of 
cancer cells by antiestrogens for lysis with killer cells, particularly with natural 
killer (NK) cells, lymphokine activated killer (LAK) cells and cytotoxic T 
lymphocytes (CTL). 

The treatment of human cancer with autologous lymphokine activated 
killer (LAK) cells combined with recombinant-derived lymphokine, interleukin- 
2, has already been attempted with encouraging results (Rosenberg, 1987) 
as well as the treatment with activated cytotoxic T lymphocytes (CTL) 
(Fujimoto, 1992). 

Nonsteroidal antiestrogens tamoxifen and toremifene belonging to the 
triphenylethylene class of compounds have gained wide therapeutic 
application for the treatment of estrogen receptor positive breast cancer. 
Tamoxifen and toremifene inhibit estrogen-induced growth by competitive 
antagonism of tumor estrogen receptors. Antiestrogen therapy is effective in 
prolonging a disease-free state and overall survival of women following 
primary surgery. Other well known triphenylethylene class antiestrogens are 
e.g. clomiphene and droloxifene (3-hydroxytamoxifen). 

We have now discovered that estrogen receptor negative cancer cells 
are sensitized by triphenylethylene antiestrogens for lysis with NK, LAK and 
CTL effectors. This sensitization effect is thus not dependent on the presence 
of classical estrogen receptors. The use of the combination of antiestrogen 
treatment and killer cell therapy according to the invention is expected to 
significantly elevate the percentage of tumor remission and cure that has 
already been achieved by above investigators with killer cells alone in a minor 
percentage of patients. 



PACKQPOUND OF TH5 INVENTION 



SUMMARY OF THE INVENTION 
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The Invention relates to a method of sensitizing cancer cells for a killer 
cell mediated lysis which involves administering to a patient an effective 
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amount of antiestrogen and killer cells either jointly or sequentially, wherein 
the killer cells are selected from the group of NK cells, LAK cells and CTL cells 
and the antiestrogen is selected from the group of triphenylethylene class 
antiestrogens, such as tamoxifen or toremifene or their pharmaceutical^ 
5 acceptable salt. Alternatively, killer cells may be induced in a host by one of 
known immunostimulation methods during the first treatment period and 
thereafter administering an effective amount of antiestrogen during the second 
treatment period. 

BRIEF DESCRIPTION OF THE FIGURES 

1 o FIG. 1 is a graph of a Winn assay with untreated, tamoxifen (TX) treated 

and toremifene (TO) treated P815 tumor cells. 

FIG. 2 a, b and c are the survival curves for the experiment of Fig. 1 . 

FIG. 3 is a graph of the effect of oral TX and TO treatment alone or with 
LAK treatment on P815 tumor growth. 
1 5 FIG. 4 a, b and c are the survival curves for the experiment of Fig. 3. 

FIG. 5 is a graph of a winn assay with untreated, tamoxifen (TX) treated 
and toremifene (TO) treated P8T5 tumor cells, 

FIG. 6 a, b and c are the survival curves for the experiment of Fig. 5. 

FIG. 7 is a graph demonstrating the immunotherapy results of P815 
20 mastocytoma with TX or TO and LAK ceils. 

FIG. 8 a, b and c are the survival curves for the experiment of Fig. 7. 

FIG. 9 Is a graph demonstrating the immunotherapy results of P815 
mastocytoma with TX or TO given by gavage and LAK cells. 

FIG. 10 a, b and c are the survival curves for the experiment of Fig. 9. 

25 

DETAILED DESCRIPTION OF THE INVENTION 
1. Detection of killer cells 

The prerequisite for success of the treatment according to the invention 
is the presence of killer cells (e.g. NK, LAK or CTL) capable of destroying the 
30 patient's cancer cells in the body when the adjuvant therapy with an 

antiestrogen, e.g. tamoxifen (TX) or toremifene (TO), is initiated. Ideally, a 
suspension of cells would be prepared from the patient's tumor by digestion 
with collagenase as described by Freshney (1976) and used as target cells. 
Some of the targets will then be pretreated for 4 hours with either TX or TO 
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while others are left untreated, and both preparations are labeled with 51 Cr. 
Patient's peripheral blood mononuclear cells depleted of adherent cells are 
used as effectors in 51 Cr release assay. Surplus tumor cells may be stored in 
tissue culture medium, such as RPMM640, supplemented with 10% serum 
5 (preferably autologous) and 10% dimethylsulphoxide in liquid nitrogen for 
later use. If this approach is not feasible, one may be able to use cell lines as 
targets, such as K652, which is suitable for the detection of NK activity, or lines 
derived from the same type of cancer the patient is suffering from. The 
presence of tumor infiltrating lymphocytes (TIL) in biopsy specimen may be 

10 taken as indication for the presence of host derived killer cells. Additional 

procedures that are used to detect cell mediated immunity and could be of use 
are: delayed type hypersensitivity skin reactions elicited by tumor antigen/ 
extract; inhibition of peripheral leukocyte migration by tumor antigen/extract; 
and the proliferative response of CD8+ T lymphocytes to tumor antigen/extract 

1 5 in vitro. 

Once it has been established by any one of the above procedures that 
the patient harbours killer ceils capable of killing his/her cancer, antiestrogen 
therapy will be initiated until tumor regression is achieved. If killer cells are not 
present they should be induced in a host by reduction of tumor burden or by 
20 immunostimulation methods as described below. 

2. Reduction of tumor burden 

Most patients with overwhelming tumor burden will not have detectable 
killer celis in their circulation. Here the first task would be to reduce tumor 
burden, if possible, by surgery, radiation or chemotherapy. There are 
25 numerous animal experiments and observations on patients to indicate that 
the reduction of tumor burden frequently leads to the appearance of killer 
cells, both in the circulation and in the tumor itself. Once the killer cells are 
detectable, the adjuvant therapy with the antiestrogen would commence. 

3. Immunostimulation 

30 If the reduction of tumor burden does not lead to the spontaneous 

appearance of killer cells in the patient, the stimulation of such killer cells may 
be attempted. Some of the approaches that can be used are listed below: 



35 



(a) Vaccination. 

(b) Treatment with cyclophosphamide, which is known to Inhibit 
suppressor immune mechanisms, and thus to enhance cellular 
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immunity. Similarly, indomethacin interferes with the suppressive effect 
of macrophages. 

(c) By the application of cytokines, such as interieukin-2. 

(d) By the use of adjuvants stimulating cell mediated immunity such as 
5 muramyl peptide and synthetic bacterial wall analogues (Utsugi et at, 1991). 

(e) By dietary factors, such as vitamin A (Qergely et al, 1 988). 

Suitable vaccination procedures are described by Livingston, 1992; 
Chang et al, 1993 and Hoover et al, 1993. Cyclophosphamide treatment is 
described, for example, by Komatsumoto et al, 1991 and Kassabov and 
10 Stoychkov, 1991. Indomethacin treatment is described, for example, by 
Saarioos et al, 1993 and Aso et al, 1992. 

The usual therapeutic dose for cyclophosphamide is 50 mg daily and 
for indomethacin 50 mg daily. Cytokines, such as interleukin-2 (IL-2), may 
also be used for immunostirnulation as described e.g. in Yoshino et al. (1991). 
1 5 Yoshino et al. treated patients with low dose IL-2 (2 x 1 06 Japan reference 
units s.c. initially, which dose was decreased to half on each consecutive day 
for 6 days) which resulted in significant activation of NK and LAK cells. 

Once killer cells have been induced, target sensitization with 
antiestrogen therapy would commence. 

20 4. Joint therapy with killer cells 

Administering in vitro activated killer cells of NK, LAK or CTL type and 
antiestrogen either jointly or sequentially is within the scope of the invention. 
Antiestrogen is selected from the group of triphenylethylene.antiestrogens. 
The preferred antiestrogen is toremifene or tamoxifen or their pharmaceutical- 
25 |y acceptable salt. Our experiments show that such combination therapy has a 
definite advantage in comparison with either drug treatment or killer cell 
therapy alone. According to our experiments target cell sensitization is 
optimally exploited at the stage when killer cells are already generated by the 
patient, or alternatively, when the killer ceils are applied jointly with the drugs. 

30 For the generation of LAK cells, patient's mononuclear lymphocytes are 

cultured with interleukin-2. The mononuclear lymphocytes are collected as 
described In Rosenberg et al (1987). The procedure can be used in order to 
collect about 1x 108 to 1 x 10" mononuclear cells per patient. The 
lymphocytes can then be separated from the adherent cells using known 

»5 procedures. The resulting mononuclear lymphocytes are cultured in any 
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appropriate media such as RPMM640 supplemented with human 
recombinant interleukin-2, for example at 37°C for three to five days. The 
resulting LAK cells are isolated and suspended in media suitable for 
intravenous infusion into the patient. The LAK ceils are administered 
5 preferably once every day or every other day for from one to five daily doses. 
Preferably from 1 x 10$ to 1 x 10 10 LAK cells are administered daily on each 
of three days over a period of from 3 to 10 days. The patient may require from 
one to four such regimens sequentially. NK and CTL cells may be 
administered in a similar fashion. Further guidelines for NK and CTL therapy 
10 may be obtained from the publications of Rosenberg et al. (1987) and 
Fujimoto(1992). 

The doses for TX and TO and treatment schedule that are currently in 
use would be applied in therapy according to the invention. For TX an suitable 
oral dose is 20 - 40 mg given daily (Anderson et at., 1981). The suitable oral 

1 5 dose for TO is 40 - 60 mg, but can be as high as 240 mg daily (Hietanen et al., 
1990). Preferably the antiestrogen treatment is started as soon as the killer 
cells are generated or infused into the patient. The antiestrogen therapy and 
killer cell therapy are then maintained jointly, optimally until the complete cure 
of the patient. It is also within the scope of the invention to apply the 

20 antiestrogen therapy and killer cell therapy sequentially, i.e. killer cell therapy 
is commenced immediately after discontinuation of antiestrogen therapy. 
However, the joint therapy is the preferred procedure. 

In conclusion, the treatment procedure of using TX or TO to enhance 
cell mediated host defense according to the invention is preferably as follows: 

25 (a) Tests are performed for the detection of killer cells in the patient; 

(b) if killer cells are not present they are induced by known methods, or 

(c) killer cells are generated in vitro and infused to the patient; 

(d) TX or TO adjuvant therapy is applied as soon as the killer cells are 
generated or infused into the patient, preferably after the determination of the 

30 sensitizing effect of these drugs on the target cell in question for lysis by the 
effector cells available; 

(e) during therapy with the sensitizing drugs the patient is followed 
closely for effectiveness. 

Various modifications can be made in the therapeutic method of the 
35 present invention without departing from the spirit and scope thereof. The 
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embodiments described herein are for the purpose of illustrating the invention 
but are not intended to limit it. 

Example 1 . 

The effect of toremifene (TO) and tamoxifen (TX) on target cell lysis by 
5 natural killer (NK) cells, lymphokine activated killer (LAK) cells, and cytotoxic T 
lymphocytes (CTL) was studied. Rat spleen cells were used as effector cells 
either without activation (NK cells), or after treatment with human IL-2 (LAK), or 
after stimulation with the Nb2 rat lymphoma in mixed cultures (CTL), The Yac- 
1 murine lymphoma was used as a target for NK cells, the P815 mastocytoma 

1 0 for LAK cells and Nb2 cells for CTL. Target and effector cells were pretreated 
with TO or TX, at concentrations from 1 nM to 5 \iM 9 for 4 hours and then wash- 
ed. Target cells were labeled with 51 Cr for 1 hr, then washed. The specific 
51 Cr release was determined after 4 hours of incubation at 37 °C, 5 % CO2 
(target/effector 1 ;25). The results presented in Tables 1-3 show that TO and TX 

15 .enhanced target cell lysis in a dose dependent fashion with NK f LAK or CTL 
effectors, if the target ceils were treated for 4 h prior to the cytotoxic reaction. 
The pretreatment of effector cells had no such enhancing effect, but TO or TX 
treated effectors lysed treated targets as efficiently as did nontreated effectors. 

TABLE 1 . The effect of tamoxifen (TX) and toremifene (TO) on NK cell mediated 
20 cytotoxicity . 
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Percent specific ^Cr release 




n 


Treatment 


Target treated 


Effector treated 


Both treated 


7 


none 


10±1 


10 ±1 


10±1 


4 


TX1nM 


74±2 


1±0.2 


77 ±2 


4 


TXIOOnM 


68±1 


0.3 ±0 


74 ±2 


2 


TX10nM 


61 ±1 


0±0 


62±1 


2 


TX 1 nM 


30 ±2 


0±0 


42±2 


4 


TOSjiM 


65±3 


1.3 ±0.7 


68±3 


4 


TOI^iM 


54±3 


1.0 ±0.4 


59±3 


4 


TOIOOnM 


48±2 


0,3 ±0 


52±1 


3 


TO10nM 


40±1 


0±0 


41 ±2 


2 


T0 1 nM 


25±3 


0±0 


30±2 



Target ceils: Yao1 murine lymphoma 

Effector cells: Spleen lymphocytes of female Fischer rats 
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TABLE 2. The effect of tamoxifen (TX) and toremifene (TO) on target cell destruction by 
cytolytic lymphocytes generated in mixed cultures. 



Percent specific 51 Cr release 
5 n Treatment Target treated Effector treated Both treated 



2 


none 


11 ±1 


11 ±1 


11±1 


2 


TXTuM 


76 ±2 


8±0 


82 ±2 


2 


TXIOOnM 


45 ±2 


5±1 


52.5 ±1.5 


2 


T05jiM 


62 ±2 


5.5 ±0.5 


61 ±1 


2 


T01nM 


52±2 


3.5 ±0.5 


54±2 


2 


T0 100 nM 


31 ±1 


1.5 ±0.5 


35±3 


2 


TO10nM 


25±1 


0±0 


22±2 


2 


T01 nM 


16 ±1.5 


0±0 


14.5 ± 3.5 



15 . ; 

Target cells: Nb2 rat lymphoma 

Effector cells: Cytotoxic T- lymphocytes (CTL) generated in mixed cultures, harvested on day 5 
Responder: Spleen cells of Fischer rats. Stimulator Nb2 cells (thymic lymphoma of Noble rats). 

20 TABLE 3. The effect of tamoxifen (TX) and toremifene (TO) on LAK cell mediated 

cytotoxicity , 



Percent specific 51 Cr release 



n 


Treatment 


Target treated 


Effector treated 


Both treated 


3 


none 


10±2 


10±2 


10 ±2 


2 


TXIjiM 


78±0 


2±0 


84 ±1 


1 


TXIOOnM 


72±0 " 


2±0 


82 ±0 


3 


TOSuM 


75±4 


2 ±0.3 


77±2 


3 


T0 1 \M 


66±3 


0±0 


70±0 


3 


TOIOOnM 


59±1 


0±0 


61 ±1 


3 ' 


TO10nM 


48 ±1 


0±0 


50 ± 0.3 


3 


T01 nM 


36±2 


0±0 


43±2 



3 5 Target cells: P81 5 (NK-resistant murine mastocytoma) 

Effector ceils: Spleen ceils of Fischer rats were cultured in medium supplemented with 500 U/ml 
r1L-2for 6 days at 37 °C and 5% CO2. 
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Example 2. 

For the generation of LAK cells, 2 x 106 /ml of spleen cells from female 
DBA/2 mice were cultured for 5 days in RPMI-1640 medium supplemented 
5 with 10%FCS, 5 x 1 0 " 5 M 2-mercaptoethanol and 500 U/ml of human recom- 
binant interleukin-2 at 37°C in humidified air containing 5% C0 2 . The LAK 
cells generated killed, at 1:25 ratios, 10 % of P815 cells, 52 % of tamoxifen 
(TX) treated (1 \iM t 4 h) and 51 % of toremifene (TO) treated (5 \iM, 4 h) cells 
in the 51 Cr assay. The same effector cells were then mixed with the same 

1 o untreated or drug treated P81 5 cells at 1 :25 target:effector cell ratios and 
injected s.c. to syngenic DBA/2 recipients (Winn assay). Groups of 4 female 
animals were used and tumor growth was followed until all controls succumb- 
ed to neoplasia. Further details of the experimental design and tumor size are 
presented in Figure 1. In this figure only those animals that developed a tumor 

15 are included. The survival curves are presented in Figures 2 a, b and c. 

As is obvious from the results, drug treatment alone or LAK cells alone 
exerted some tumor inhibition, and when both drug treatment and effector 
cells were applied, tumor inhibition was enhanced. For instance, tumor cells 
exposed to TX or LAK cells killed all the animals, whereas one animal was 
20 protected in the TX + LAK group. Pretreatment with TO protected 1 of 4 

animals, whereas TO + LAK protected 2 of 4 animals; Also, it is clear from Fig. 
1 that there is a marked retardation of tumor growth in the drug + LAK treated 
groups between days 17-23. 

Example 3. 

25 In the previous experiment there was only a brief exposure of the tumor 

cells to the drug (4 h) and to LAK cells, which explains that tumor retardation 
was limited to the early period in those animals which eventually grew the 
tumor. In the next experiment the same basic design was used , but this time 
drug treatment was given in the drinking water (TX, 100 ng/ml and TO, 400 

30 \ig/m\) starting 2 days prior to tumor injection and maintained throughout the 
experiment. Again, some of the groups received tumor cells mixed with LAK 
cells at 1:25 ratio and treated further with the same dose of LAK cells injected 
to the tumor site weekly for 3 weeks. This time significant tumor inhibition 
occurred in the animals treated with either drug alone and also in those 

35 receiving LAK cells only, as can be seen Figure 3. Again, tumor growth was 
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the slowest in those groups with both drug and LAK treatment. Moreover, 
there is one animal in the TX + LAK group and also in the TO and TO + LAK 
group which is tumor free at this time, as can be seen in Figure 4 a, b and c. 
Therefore, with continuous treatment we succeeded in slowing tumor growth 
5 considerably although the proportion of tumor free animals did not increase. 

Example 4. 

The experiment of Example 2 was repeated with increased amount of 
LAK cells (1:50 ratio) mixed with drug treated or nontreated tumor cells and 
applied s.c. to animals. The results are shown in Figure 5. The survival curves 
1 0 for Fig. 5 are shown in Figure 6a, b and c. Again, as in previous experiments, 
there are some tumor free animals in the treated groups, especially when drug 
treatment is combined with killer cells. 

Example 5. 



15 



20 



In this immunotherapy experiment all groups received the same dose of 
tumor cells s.c. and 12 days later when the tumor was clearly palpable in all 
animals, drug treatment In the drinking water was initiated. Treatment with 
LAK cells was started 2 days later and given 3 times, 4 days apart, as 
indicated In Figure 7. Drug treatment was maintained throughout the 
experiment. As is obvious from Fig. 7, tumor growth was markedly retarded by 
drug treatment combined with killer cells. This is also reflected in the survival 
curves, which are presented in Figure 8a, b abd c. All the controls succumbed 
to neoplasia by day 26, whereas all the animals are still alive on day 28 In the 
TO + LAK group. There is one total regression In TX + LAK and one partial 
regression In TO + LAK treated groups (the tumor volume decreased to 1 0 ' 
25 times less than the original volume). 

Example 6. 

DBA/2 female mice were injected s.c. with 1 0* P81 5 tumor cells. When 
the tumors were approximately 0.5 cm diameter, drug treatment was 
introduced (either TX or TO, 10 mg/kg/day by gavage). Two days later 25x104 
LAK cells were given i.p., LAK was injected three times more, four days apart. 
Drug treatment was maintained from day 14 until day 30. The results are 
shown in Fig. 9. Again, tumor growth was markedly retarded by drug 
treatment combined with killer cells. The survival curves are presented in Rg. 
10 a, b and c. There was one total regression in TX + LAK and one partial 
regression in TO + LAK treated group (the tumor volume decreased to 10 
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times less than the original volume). Furthermore there was one partial 
regression both in TX group and TO group. 
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CLAIMS 

1. A method of sensitizing cancer cells for a killer cell mediated lysis which 
comprises administering to a host in need thereof an effective amount of 

5 antiestrogen and killer cells either jointly or sequentially, wherein the killer 
cells are selected from the group of NK cells, LAK cells and CTL cells and the 
antiestrogen is selected from the group of triphenylethyiene antiestrogens. 

2. A method of claim 1 in which the triphenylethyiene antiestrogen is 
tamoxifen or toremifene or their pharmaceutically acceptable salt. 

10 3. A method of claim 2 in which tamoxifen or its pharmaceutically 
acceptable salt is orally administered in a daily amount of 20 - 40 mg. 

4. A method of claim 2 in which toremifene or its pharmaceutically 
acceptable salt is orally administered in a daily amount of 40 - 240 mg. 

5- A method of sensitizing cancer cells for a killer cell mediated lysis which 
15 comprises inducing killer cells to a host by one of known immunostimulation 
methods during the first treatment period and thereafter administering an 
effective amount of a triphenylethyiene antiestrogen during the second 
treatment period. 

6. A method of claim 5 in which the triphenylethyiene antiestrogen is 
20 tamoxifen or toremifene or their pharmaceutically acceptable salt. 

7. A method of claim 5 or 6 in which the immunostimulation is 
accomplished by administration of interleuktn-2. 

8. Use of a triphenylethyiene class antiestrogen in the manufacture of a 
medicament for sensitizing cancer cells for a killer cell mediated lysis. 

25 9. Use as in claim 8 in conjunction with killer cells selected from the group 
of NK cells, LAK cells and CTL cells. 

10. Use as in claim 8 in conjunction with an immunostimulating agent 
such as interleukin-2. 

11. A triphenylethyiene class antiestrogen for use in conjunctive systemic 
30 administration with killer cells in sensitizing cancer cells for a killer cell 

mediated lysis. 
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